Ten methylated flavonols have been identified in the lipophilic resinous exudate found on aerial parts of Grin delia tarapacana, a gum weed species of Chile.
Introduction
Grindelia, a N ew W orld p la n t genus w ith a p proxim ately 60 species o f an n u al, biennial and p er ennial shrubs and herbs, is a m em ber o f the su b tribe Solidagininae, tribe A stereae, fam ily A stera ceae. Grindelia is well represented in N o rth A m erica, w ith 45 species a n d 66 varieties and form s [1] . The largest co n cen tratio n o f species oc curs in the southw estern U n ited States. The genus does n o t occur in C en tral A m erica, but reappears in South A m erica in C hile [2] , Peru, U ruguay, P araguay, so u th ern Brazil an d A rgentina [3] . M ost o f the species are w ell-adapted to regions where annual precip itatio n is 25 cm o r less.
The com m on nam e "gum w eed" used for m ost N o rth A m erican species o f Grindelia refers to the conspicuous accum u latio n o f h y drophobic, n o n volatile resins on the p lan ts surfaces as p a rt o f the cuticular layer. The p ro d u ctio n and accum ulation o f these resins app ears to be associated w ith resin * Reprint requests to E. Wollenweber.
Verlag der Zeitschrift für Naturforschung, D-W-7400 Tübingen 0939-5075/93/0500-0533 $01.30/0 glands which occur in shallow pits on the surfaces o f the leaves, stems, and involucres o f the flower heads (m ulticellular resin ducts occur in the leaf mesophyll and stem cortex) [4 -6 ] , H eavy resinous coatings m ay be a phytochem ical and ecological ad ap tatio n to the arid and sem i-arid environm ents where these plants grow [4] , Phytochem ical investigations o f the resins o f Grindelia show th a t while all species have distinct chemical patterns, they are all characterized by the presence o f bicyclic diterpene acids o f the labdane type [7] [8] [9] [10] , A few reports on the presence o f fla vonoids are available in the literature for several species o f Grindelia [9, [11] [12] [13] [14] , The diterpene acids produced by Grindelia were show n to have physi cal properties nearly identical w ith those o f pine resins used in the naval stores industry and several applications o f the resins from G. squarrosa have, in fact, been patented [15] [16] [17] .
As p art o f a search for new cash crops for arid lands and a b ro a d evolutionary and biochem icalsystem atic investigation o f Grindelia, we analyzed a taxon native to the arid lands o f n o rth ern Chile. This report is the first o f a series on the flavonoid chem istry o f S outh A m erican Grindelia and de scribes the isolation and characterization o f 10 fla vonoid aglycones from the resin o f the leaves, stems and flower heads o f G. tarapacana Phil.
Material and Methods
Aerial p arts o f Grindelia tarapacana were col lected in Chile, region o f T arap aca, T iguam ar at 3,000 m eters above sea level in M arch, 1991. A herbarium specim en has been deposited at the Pontificia U niversidad C atolica de Chile. Leaves, stems and flower heads were collected separately, air-dried, and stored at 5 °C prio r to extraction. The m aterial corresponding to leaves (100 g), stems (503 g) and flower heads (575 g) o f G. tara pacana were extracted w ith dichlorom ethane at room tem perature. The extracts were filtered and concentrated to afford 25.7 g (25.7% ), 37.0 g (7.4% ) and 95.0 g (16.5% ), respectively, o f resin ous m aterial. Each extract was taken up in m eth anol and eluted from Sephadex LH -20 w ith m eth anol to separate the flavonoid aglycones from the dom inating terpenoids. Some o f the flavonoid containing fractions were com bined and subject to preparative T L C on silica (solvent A, to lu e n e -m ethylethyl ketone 9:1). Individual flavonoids were identified by direct com parisons w ith m a rk ers on polyam ide T L C (solvent B, to lu e n e -p et r o l ,^ ]40-m eth y leth y l k e to n e -m e th a n o l 1 2 :6:6:1) and on silica (solvent A, o r solvent C, toluened io x a n e -H O A c 9 0 :2 5 :5 ). Spots were visualized u n d er U V 366 before an d after spraying w ith " N atu rstoffreagenz A " . D iscrim ination o f quercetin-3,3 -dim ethyl ether versus quercetin-3,4 '-dim ethyl ether was done by fum ing the thin layer plate with am m onia.
Result and Discussion
T he individual d ichlorom ethane extracts of leaves, stem s and flow er heads o f Grindelia tarapacana Phil, were analyzed fo r flavonoids. A ccord ing to all o u r previous results, flavonoid aglycones, w henever present in m em bers o f the A steraceae, are constitu en ts o f a com plex lipophilic exudate th a t consists m ainly o f terpenoids [9, 18, 19] . We assum e, therefore, th a t the flavonoids reported here are also accum ulated externally.
T he flavonoid p attern s observed in extracts o f leaves, stems, an d flow er heads are qualitatively the same; there are only m in o r q u an titativ e differ ences. In each case the follow ing flavonoids can be detected: kaem pferol-3-m ethyl ether an d kae-3,7-dim ethyl ether (isokaem pferide and kum atakenin), the 3,6,7-an d the 3,6,4'-trim ethyl ethers o f 6-hydroxykaem pferol (penduletin and santin), the 3,7-, the 3,3'-and the 3,4'-dim ethyl ethers and the 3,7,3'-trim ethyl ether o f quercetin, the 3,6,4'-trim ethyl and the 3,6,7,3'-tetram ethyl ether o f quercetagetin (centaureidin and chrysosplenetin). A l though none o f these flavonols is a rare n atu ral p roduct, this is the first tim e th a t their occurrence as exudate flavonoids is rep o rted for Grindelia tarapacana.
To o u r know ledge som e nine species o f Grinde lia have so far been studied for flavonoids [9, 13, 14 and refs, therein] . The p ro d u c ts so far found in clude kaem pferol-3-m ethyl and kaem pferol-3,7-di m ethyl and 3,4'-dim ethyl ethers, quercetin an d its 3-methyl, 3,3'-dim ethyl and 3,7,3'-trim ethyl ethers, luteolin, apigenin-4'-m ethyl eth er and taxifolin-7,3'-dim ethyl ether. F lavonols are clearly d o m in a t ing also in G. tarapacana, so o u r present results fit in this p attern. This is the first tim e, how ever, th a t derivatives o f quercetagetin have been en co u n tered in Grindelia.
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